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Highly Purified CD34-Positive Cells Reconstitute 

Hematopoiesis 
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Purom—c Thoo b joc tf v o of ft*i« riwyvw to dwwcMriM 
ClSPF coJ grafts, obminod using a n o vol technique, front 
thiUrsw wiwrysg om— Iq ys s fco o o m«i i mw * mtficntr 
tian (BMT) for ane w rii^apy, In particular, ws mjiinj ta 
doTOrmirn if lftoQ34* morrow roil grafts g o n er nrori hnsa* 
So pMrfc roco mtitu ti urt . sans* q positive result w ould moti- 
vate furthar gyre inpmonS gnd us* of til* m o d ioriol og y. 

PatfMtx and Mm rtiortn This pilot fxssibifily dJrocoi trial 
oroorirod 13 puftoafT"? IS / sor t of ago with oc wmrori 
mid tumors, including javea chatiree with nsursMsstMC 
Homro d bon* bwhw t mdo ewunr I mwurwmQ g rw t U 
C534* mUdLortm 

XmMMts : in rhroe of IS onrodod patients, law purities of 
the 054" preparations disquofified tho us* of the CDS** 
morrow gra i n , 7«n p eri o ttn recervea my oi oca tcriv ocSwoo- 
thoi o py wbh «fep©rio«. carbocict m , and lydaphospha- 
mtdo, than wwv frwn iUitf i d with OW* morrow grafts. 
In mo 10 patient* ffansoiontod with 034" s o locud <eds, 
tho CW4’ erf purity (rwdeafod RIO sodud odj m dm caU 
gr aft pre p a r a tion was 91%/ total cod rec overy from- the 
s tart in g Cghfdsmily coils Z2%, CD34* «l r ecov e ry ZS%i 
ooi etr j r for np ng unit^gronuiusyto macrophage (CPU-GM) 
roc pv or j( g3%» and ssti mo to d tumor-coil ds po h on L4 logs 

M OST CHILDHOOD so lid cancers si sensitive to 
cbCTcihenpy and radiotherapy, in lint they ini- 
tuJIy respond with a c Unicoi complete response (C5U or 
excell ent parriai response (PR), Nevermeiess. the majority 
of cases of advanced 'eg. mecasndc) pediatric solid ru- 
mors everuuaily men r, 1 * 4 This is the cancer treatment ricu- 
auen— responsive tumors with high risk for recurrence — 
in which high-dose (cnyeioablarive) chemotherapy has 

boon used with aueolooou* marrow roccuo. 7 W« developed 

a novel combination high-dose chemotherapy regimen for 
pediatric solid turnerx.** 0 W* ±«n desired a means to 
reduce die potential tumar-cdl content of hie autologous 
morrow la provide aecnatopoieuc rescue for those pa- 
tients, since tumor cells due contaminate die aemaiopot- 
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(irsrflrtro). The CS04* a w rew grafts oA* ddn a rod to those 
p orno « s ca mwo od o median of 2*3 * 10* nadoaiod coflj, 
U« 1Q« 0934*00*, and U m 1C* perfc go grm n * 

padont woighf. Most peti o nrs experienc e d eefy tho taxkh 
hos proioaiy ofeso r ved with rhts wyolocdvo chemolhof 
apy re g i m e n , adhougd two uo usu a l »ojricihee wore 
fe n u d. AO 1 0 pohon ts troM^lcried wdh 0 3 4* oed grafts 
tngpaftodt 

Canek im ont Tho 0034* po rifted grafts were enriched in 
dom/pco g i rat Qf cels, with ftvo of fheeo 10 preparadarts 
containing « 94% 034" edit* g ngreftro o nt wdh C934*- 
pu t iftod «efl grafts os pure os 90% eoednro thor me al* j nm 
034" eels, done, are suftfcianf to p r ovide hemoeepoioric 
rescso for mydoafclated pat term. Tho bast purification re- 
sults wero ebrained on tmail marrow harvests from pa* 
hoars with nourodlasroma. Tho engrcfhnom of highly purr- 
Hod C934* cods odrainod by rhd tec hno l og y and tho 
an f it um o r effect of rho fromdanf, by wriuj two of 10 poor 
prognosis parionfs remain dinkofly frao of tumor, have 
ssonulatod further cfinkal trials. 

J Cht Oncol U;2224-212Z. 9 1946 by Amomon 5a- 
do tf of CSnkai Oncology. 

eric graft have been thewn to aaitriboa* to mmor recar- 
rvnes after transplant (in ceurabhsssnaj. 11 Available 
methodologies in use to purge pacn acri c solid mmoc ceils 
from mar row icduOc treatment of me autologoas marrow 
grail wife drugs or monoclonal antihorlifs u * 14 A nrin o rv 
plasric drug ertsenenr at me marrow graft * toxic to 
thu fcenaioaoieris proymican in tho grrit, and thereby 
extends the time to engta ftm enc is heavily preget ced po- 
cieocs. ,s to ed diii on. iho «£EL*soy of drof oooimeacs far 
turner purging Has not been determined across the range 
of pediamc solid tumors. Finally, seiecrive tariaunor 
reonodonal imibodics have boos avaiUbie md dinicoQy 
uecod extensively only for neutoolestocia «xaaag pediat- 
ric tolid tumors, 7 Thus, negative s e lect ion mitcfie* Sees 
difHeult limits to their clinical jtslity far purging of heme- 
tsootc tic grafts free, patients with periiacnc solid aimoa. 

The combmarlon of CD 34 expression on lymphofcetne- 
topotcuc stent and progenitor cdls with lack of expression 
on most coses or* solid aimers suggests chat imraunoafGo- 
«y isoiidon (positive sclccucn) of CD34* edis can he 
used to reverse purge autologous marrow grafts for trsns- 
pfantarion in a broad range of cancers, Positive selec- 
tion of CD34" cells in cHnlrai autologous bone marrow 
traosplara (BMT> was flm poriormed by aetr rVT? ’ 
They reported tfiaThcmaiopoicsu wu recorotuuted after 
transplantaticn of GD34* cdls, isolated using CD34 bio- 


222d 


journal of Cliokad O«caloqy t Vol 14, No 3 {Awguul, 1 994; pp 2224*2233 



XiliLi 


..A. : 10-17-96 

! ; i' 


03i’ C31S RECONSTITUTE fcCMATCPQESS 

dn-avidin immancaiflracy csiuxntu, lq mn* paaensc who 
haa received ;nyeioabixtf\>* rociocaencdteipy. Sapoli et 
al‘* connjmed mis with :ne -epert max CD3A” amniogous 
bone morrow ceils. Isolcirri by a of the same 

mesnodotogy, p ro d u c e d cagiaitractf m a. Larger aeries of 
psricr.cs with breast cancer. Several additional dhucai 
trials using CD3 4" ceils frcni marrow and mobilize^ 
blood are now m pmg re n with gy 1 * at stem-cell 

cnrichnrrt anri/cr maor depieiion. , ^^ / ' x, 

The obiecave or this scody was » cteacarize 0347 
cell grain* ooatined using a aovd te chniq ue (Tabic 1), 
from children undergoing analogous 3MT Hot cancer 
therapy. In particular, we wanted to ictcrmrae if the 
CD3*~ marrow cell grafts geeeraad hematopoietic re- 
cotvdamcn. *i acc a positive res ult would naxivie h a t te r 
developm ent and use of !hS~me^ocoJOgy. IBs pilot fea- 
sibility clinical rrni involved TTSESht*. 


t mat involved i 3 paxtents. 
PARENTS ANO METfcCCS 


Patients 


Thirteen pstiaou * 23 years of age with idraaced solid tumors 
entered this study, after informed cornea: under a protocol approved 
by ctM foftas Hopkins Ubuarenon* Joari and tils Uni«ad 

States Pood and Drug Admire .itration. Criteria for padeoc c ffgrht Sry 
included iifcaimtc vital orraa functtca. cstimoirwi mrmoi pester 
thae 3 weao. Xarauiiky score at 60th, j pg Pane g w»» tnoff**- 
t dgggy fees from rumor, zs rfra dene of boas narrow harvest. Sees 
(H cnymoptpam is used is mu CD34' can pu rta catt oa proc a o orc . 
Qj p rarmrfn g uidbodUs tgxtssu chymopapain eabbodfas have bn 
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i SB cesed in ipproiiirnfidy i<C of on h cy edic psdena caused for 
iwiidi i-al ia^cnos of chywoq aU it Car kamdar ddc N s nd wans , and 
CS) da low >1^9) ioodsacs of ^aodybuii foUosrme isuodctcal 
c hyawpap Bui injsetita is refrrted » oc flWBnuiWvd >y eacludmp J 
pthsoex «nch posmvs tesa for Treocunrtg setkOymopeeaUi cnobod- / 
ms. 3 eus study rsquirso cm picccuiica ctus oadsfltt rmm Xurs tiod | 
& nsjauvs CsymoP AST {«su(lgensa lac, fate AltaCA) for anubody I 
drymopcpDift before booe marrow rarvsu. ^ -J 

Tbs usssi Psotuxvs 0/ustspy 2iA*io« pnsdsi far psdsois *nth 
advanced ootid uam is to aUcsrpx aretnaapia* rytorasucuca ukb- 
(fait nils eovrws of rftrrno i fvra oy. pirn a r pery and 

tool rauaaoa therapy direexsd at ik * s ol iadiai or aerustem Uuaorv 
ts parisrta v*aois cancer propnid deepits ys tna iatzm cytor edue- 
boo. gaatpUm u icscraUy nor used. The 13 patents* pretnsspinrs 
fcamrss ire sumnurusd in he rcscia wen an. 

Bone Morrow Harvest and Processing 

Boas msrrsw ooiWuion w*m p*rrarrc«a fods^rtif inrri i r a pros*. 
Cares. Sutflccnt marrow as^nad a oot-ia ^mucr itjw 2 x 
!0* tToefnart marrow cdU per Volcgnm pniem xc jhL Aiocratec 
aar raw diiuceo in HFMi : W3 iSLoWJuoaker, Waiitcavule, MO; 
that ccaalncd pmsrrau vcHir «t i'.eccAa was .ilttrrd trough a senes 
of inters of decreasing pore size fSoxrer-rtnwaL Oesrfleid. X) m 
remove paitidei and ceil damps. A xmemrum of 05 x 10* nudeaesd 
oau ' Ow per kiiogram was oyopreserred a an uapunfAd he* 
up matro-s. 1 

The recuinder of Oe harvested m a r row tnutervea uuuincgitg - 
rtcrx CD34* sctccnon \JM< I), rfno. a huffy c=a was srepsrad 
by esatnfogaban using a CCBE 2991 'Code. Laiurwood. CO) c*fi 
pmusunr (psdsota mi. 1. X Z, 7, 9. 10. isd ll), or for aspic* 
with low total cell nuaom. nomuaarnaud ctmnfttgctioa in a Mo od 
awosfrr pock (Bsjucr-fsnwii: psdsm* na 2. A t*. 3. U. ud I2L 
This pcepanrion was then further a yichcl for marrow maaocuexar 
cdls by .mcolM^ypsqui (HJoWbu»i-w> tkaney sndieat ooanfo^t- 
dun on the C03E 2991. To isariria targe 034' uells with taono- 
dosai antihod)', ttw marrow moaoseclesr cbH (up to 3 x 10^ odb/ 
mU RPM1 1640 that axmmcd hamac strain aibutnia (Baiter 
Heahhcare. Glendale. CA1 evi 3-2*5 ftaraa ioqroac gJoftoUc (Sen- 

• Wood rrarufer with My 1 0 antibody (15 >rg Si iint^iraeie 
p rep CBxo r ceil andgen-t (KPC\-11 tadU)* pfepanoo^tCT ceilrr 
Bcoon DkdaitMOti Tnwau a * yinmu iy SyMima. Saa CAJ and 
then washed won RPMl 1640 ihu cosmard fturmn wan aihu* 
min to lu a ove froc jndbody- Par pancat wl i, ibt* wwdnng 
du o s by ctamfugauun toiag Use COQE ceil jsuccuar. jiW low* 
purity of CDU* cdU was oouidta in mi* atii ptska. wushhtg 
pcrfor.wd by a soedart ctatnfojal wash in 5 ^nt coeicai 
fogs tubs* for tns mnatning psrisiv*. Tbs UlUII IMCSarsd'' 

(JO mtnetes at 4*0 with dieep i mimosas irntmuMpUshuiza G» 
(IgC, j-cnated poa n ogc euc miennpherej use uetii in one bead 
raho; Oynal. Lake Sucertl. NY). Unbound C034* cdU were re- 
moved by collecting iht Jiaaajjreraodl rcsettn Woo* with the 
free rmcnaphcrci) udag An pq ptypa liiol ct divica U pcototype 
magnetic ceil wpmraooa device AaTStBSTTaf aft array of permanen 

tnd u « a* tomri w l *twil« piaaiw efcwt»iwr) wwj 

procedure ; Baxter Hwtitfccwe Imimmothcrapy DivUioo, JmiK. 
CAX 1 ^ followed by four 50*mL washes using ihe crocotype Isa lex 
rfevice. Ircubonan (15 mimnn ul room lempcramre wnh cnd^ivsr- 
«nd feudal) with ehymopa pma (200 U/tnL; OyrrexUacua: 3o«u 
Ptuncacsaiical*. Lincolnihirt. IU wax performed w rele^a oiao- 
tphetti sal anubodla from mtatd CDJ4’ cdU. The free micro- 
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s ph er es -verc :aca moored by uver ihc ^xotype Uokx 

<ir»*ce and m* 034* ceils v«rtt eaUecMd m • blood mas&r bsct. 
034* csiis wve coft cem rued by cemrifu^aaod of (he biood csn- 
ter pack. Cells ««i transferred *jb o 50-mL c gmcal cenonfape aio* 
fbr & uaiag BPM! 16*0 tnat cgnutned !* irumsa scram site* 
m uua fgnupcwkri a tO nL ad placed oa a nagit aa icron 
raadaal beads. G ryopraagn moa of ;b* punned 034* adk n» 
pertorm ea by tfimtird coattoded-raf fm’eg (CyooMd; romu. 
MeiuSL cun in » ptomic trcexe bag Oaiter-Foawai) is R?M1 1S4C 
mas cootsnod iOCh dim*tttytj«i/ax*k «od 2M auestofoos poo** 
plena*. This tneranai wss finally osrad wxr liqcid tuesgea xoi 
use. 3dbne sryopre*erv*aoo, a small aliquot at' ih* pah&ed aril 
pscoanLica m withheld rot nxxiytu. 

Analysis of CD34~ -Purified Bans Marrow Sptdmms 

Tim p srae at 034* cefls preusa in the purified e*fl pw ^aisau w 
«u i ctcmdn sd tain* Sow cytoaeery with the otg-HPCA- 2 aca- 
hftdy C S eaan OlHrmoan. wtuco meagacM* & ehymopspeus-^isitfaAt 
•piupr of he C334 reotacuU.^* 

IX dts purified cdl preparation comaieed » 034* ad Is 

ifbrr txdustoa of nucleated RBCi, sad it dk estimated actor a i 
034* ceils ;a he purified OL* cell fraction w« x 10* ceils/ 
kg, die 03** ad! rtscaod wms :eaw*S sad admimacred 
aoiuly (IV) as he trampUm graft an day 0. The initial pwncol 
msdy design sod inf orm ed consent sp e c ified :fc* the paoeat would 
not be exposed :c the potential risks of the esperwccatsl 034* mil 
preparation as he transplant jfztl ueiess bom uf hoe entra euro 
asm. bus i acrid wocld be caasderad Oar 3MT using m onpro* 
cerwrt. cryoonoerved back-up marrow j r eparai xn. Ail pedeats met 
tae erUehou for total Humours or 034* cells nhriinrrt However, 
la toe cases (pattern* no. L 13). tae penfud 034* o*U 

p eep wrf w i did oe m#** to purity ertaapoe Per dea n —a. 

two of these toe patients (no. 1 and 13) received the backnjp 
ma rr ow anepsraxion instead of the purified marrow preparasoo. ?*• 
dent oa JO **a never sirup hoed because his tumor pragrattfd 
daring pragans pla m therapy. 

Mytioablanxt CKtmoi h ernp e uric Regimen 

Pstuats received the following myieonhUave dutoodaonpeade 
rapmen aefbra bone tnar r u w fane <mpslde !LCO rapfar (SOO 
ay [V c e xw ow mfwian on days — 0 fO — -^X catfteplaan 
2,173 mg/TTr (735 mg/a^fd IV ovt r I aour on days -4 <o — 4X md 
cyciopn os noanuda 130 reg/kg (30 mg/fea/d IV over l bout an days 
-3 and -2X Mesna H rag/kg by IV push «es gtvea ac 0* 3, sod 4 
hows after c y clop hosphamide. The bone m a rr ow gait was infused 
oa day Ok 41 hours after die final dose of eytoraduesjes rbcuod ier* 
spy. To muumite the dunce oMoephyUcde raaoiae iganm mce 
iwsidMl tmouato a 4 chynwpepain or SBtJOOdy (tax aught bf ptmerr 
in the 034* selected morrow graft, patents received the foflewioj 
medirariniPC kssmectusone a ) mfrkf jwr does tv 4«4fy 4 1 eun 
far a rooJ of cache daus-bepnojng 13 hours before me 034* cefl 
grift l nftuioe. b on adryl CL3 mg/Vg per dose IV 6 hours for a 
total of eight doses bepooir.g 12 hours before the arsft infUsioru 
aod ranitidine 1 mglcg per dote IV every 4 hoers for a aol of live 
toes tcgmnuig to rwaa oef&rc Oj* grail tnftoicn. 

Cart Afimr BMT 

Patients csrod fbr using Johns Hnptias Haspiol pedisme 
BMT p< d * o — umd fiUdelUws. £u mow twm pUoeter praduca ww 
mnsfbaed when the pieectet count ekenaawd to less dun 2 C W 


CVIN cT AX 

and RBO ( per to calls) vvere a amt’ y wid ta saxmata a scnu&o- 
cht lewsi p ester 2tan 30 a HI Her yoow r b ean worm 

sat used after 3MT. ** - 

ft£3LLTS 

Pautru CtortzaansxKS. Prtiruiupiuns Tncrapy, am 
Rtspans* 

' Seven of 13 paflsnu. wrxh sn age range of I to 5 years, 
bad neuroblastoma. Paoetas aa 6, 3, 9, II, md 12 had 
Pediacc Occoiogy Gsouq (POG) sage 0 (£vens stage 
rV^ntBRtaoonai N’earoblaatcma Staging System [TN5S] 
stage 4 1 *) neirobitstoroa. *vitb mcascstic otxs inducting 
bones. Patient no. 2 ’irus classified aa POG sage C with 
a Urge n*kwwei aeuroblasona smb local exzensioa and 
malignant asdms. He qoalifled for BWT because of de* 
vnoad N-wvyc gone copy num bar (a m 22S) in hie aiaor 
spBdmen^' 3 ^ sad aaiigmet iscnes. Ponca f aa 4 had 
POG ategn B tdmil nnurobleetome. bur. qualified for 
BMT because of devaed N*vn\c gene copy oumber (n 
— Qa) i n hie cumo< specimen. la ell of these pedea» with 
neuroblastoma. BMT was planned from early ia initial 
tr eatmen t and waa parnann ad after compiction of fivo ca 
10 enunes of chemotherapy due scccnc-Jcok sorgery 
end irradiation to sites of initial and resuming chmcally 
detectable amors. Alter reemvujg sil pretransplant 
multimodal cnorapy by me Lrce of BMT, patients no. 2 
aod 4 were in duhcal Q sad had no mic rs ico p a: di*mkc 
Identified s secand4ook surgery. Paces: aa 3 bad no 
detectable tumor by scaiiivasiYe studies, but bad micro- 
icopic oeurobiassoma at rtw secood-look surgical mar* 
gnu* Patients na 9 tad 11 also bad no deferable tumor 
by noaiovastvc studies, bus had microscopic adrenal neu* 
roWastoma (resected ar seeood-lOQk. surgery) and residual 
abnormalities oa rrshn e m im bone scan. Thus, peiicats 
no. 2, 4, S, 9, and 1 1 were in CZ at die dm* of BMT by 
the INSS deuniuom of resconse. 9 Pan cats aa 6 and 12 
had only ?Rs by the INSS > aging enteria immedietely 
before trscsplent In all patieaa with ncujoaiasccma. shea 
of initial bulk disease and detectable disease were inadi* 
tied before BMT. 

Patients na 3 and 5 were young adults with gem ceil 
turners, la paacat no. 3. die tumor had recuncd eter two 
ch emot herapy regimens. He had a clinical CR in thm 
bis tumors again shrunk with additional cytoreductive 
chemotherapy* and he received radiation therapy to re- 
maining clinically evident rare or sires before BMT. In 
patient no. 5. the cancer recurred, with ta inemwd hu- 
man chorionic gonadotropin levels less than 2 months 
enter b* h*d r«e*hrad four court** of cft«metft«r3py. He 
was transpimucU. in progressive disease status, with 
growtag tntnxracic ramor Mdulat, which w*r* not irrtdi* 

a red. 
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cxu* cais oecsnsriuie hsmatcposs 

Fastens no. 1 was an adoieeornt wish abtal otteotar* 
coma gran e d with ttorfuperiag surgery * nd adju^aax che- 
motherapy. Two ysaa after initial dagaoiii a puimongy 
metMsasis was ortrcffirt ridioiocicaiJy. Surgical wedgt 
resection msovtd this single dwaabto a craatic lesion 
before BMT. which made his amor sots* ctinicai CR. 

Patient ao. 7 was a young adult referred for SMT 
twh maiignam epithelial thymoma hat had recurred ate 
surgery* then had responded to chemotherapy, butragrew 
and extended inn the left lung. After the thymoma again 
responded to ddti uai l c h ero ot fatfs p y t SMT wes per- 
formed u me rim* of a clinical C3L Ate BMT, he was 
tressed with redluion tbetepy to (he left kcreirhoout (see- 
later). 

Fattens no. 10 was an adolescent with widely mexastatie 

j * n vm t vrir rhaKWrwy ^y r^^f i- r^TTi^ HlS SISOOW ISOT* 

phoiogicaily free of t umor for a brief ame during chemo- 
therapy, which allowed bone marrow ® be harvested; 
however, the rnumw was faypoceiluiar. This pascal expe- 
rienced tumor progression during chemotherapy before 
BMT could be attempted. 

Patient no. 13 was an S-yearoid girl with uedifferenti- 

u*d emhryotiel wdmr« af the liver and peritoeeel mec*- 

static implants. The mnwr had an excellent PR ® ehemo- 
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therapy, bat second - look s ur g er y showed residual 
p eri ecsca l mraww with a ouxaor noda le nor tite dome 
of the bladder. She received additional caemotacrapy and. 
after bona marrow “arveu. aortflgunaj raetaacn msrapy 
by external beam and paospfcorous-32 instillation after 
boot marrow harvest bo: before BMT. 

Of the 13 patients etuoikd cam this protocol 10 ware 
transplanted with CD3A* mar r ow grafts. la the other three 
patterns (no. I, 10, and 131 low parities (< 40% CD347 
calls) of the CD34* preparati o ns rfismafifirri the use cf 
the CD3-i" inauow grafts, based on the study design 
(see Methods). In two of these three patients. BMT was 
per form e d using the back-up marrow re provide b en u s c - 
p oicuc rescue. In one patient, tumor progression pre- 
vented BMT (Tables 2 and 3). 

In all seres patieaq with advanced neuroblastoma, 
BMT was planned from the dree af initial diagnosis, 
as intensive consolidation tteipy after initial multi agent 
cheractfcerapy. second-look surgery, and local rartiaron 
therapy. Two of the other three patients transplanted with 
CD34~ mmr ow grafts (parieaa no. 3 and T) were net 
referred for BMT until their tumors had recurred twice. 

Fksjuk no. 5 wu trmcKpiuuwd **hec km aimer wee pro* 
grossing after the initial chemotherapy regimen. All 10 
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patients Transplanted CD3*~ mar ro w gr af t s were 
tnated heavily with chemotherapy before ausologoa* 
miaow harvest writ bom four to 22 cycles of multi agent 
chemotherapy* which included from three to tight aad- 
aeopiasttc dregs. Eight of these 10 patients received local 
rarfnrwn therapy 1 to 3 weeks b e fore BMT; purest no. 
7 received radunon ate BMT. andpadesT no. 3 r ec eiv ed 
so tadiadon Therapy. 

Bo** Morrow hroccsriag and CdU Purification RgsuUs 

Bone marrow graft p ro ces s in g required approx imately 
7 bouts from the time of receipt of the harve ste d iraztow 
to cty oprear vaaoa. Approximately A hours of this dene 
wea spent perfo rming the CD34~ sdectioa p roce d ure it- 
self. Call processing results are limed in Table 2. Total 
bone narrow nucleated ceils harvested ranged ten 4.7 
to 33J x 10T cells per podcot (largely as a fa action of 
patient size)* and from 3JS to 7.0 X tO - cells/kg patient 
weight (median, 4.3 x tO* cdls/kg}. ficoU-Hypoque den- 
sity g r ad ien t cemrifagarioa reduced the prepersdens to 
0.8 to 5.2 x 1G* cells per patient and 0.4 to 1.9 x 10* 
eulWVg p ad eit c weight (median, 0.9 x 10* eellwkg). 
These light-density ceil p r eparati ons were the starting 
ceil* for die CD34* imrrru noeffimry perifiesdous, and 
they contained from 1W to 63% CD 34*” cells (median. 


3.6%) and 34 to 174 caicny-fbnnmg units— granulocyte- 
macrop hage (CFU-GMV10* auclesred cells (median, 69; 
«camO, 

Ate CD34* sdiytion with irenraoomagnedc micro- 
sphere*, a median of 23% (mean. 3,4%; range, 19% on ' 
7.4%) of the starting light-dssaty nucleated cells were 
re c o v ered in tha CD34* cell preparation (total ccEreeov-. 
eryX These 13 CD34* -purified cell preparations con- 
uined s median purity of 80% (scan. 68%; range, 73% 
to 99%) CD34* cell*, if nucleated RSCs were excluded 
tea the analysis by fiow-cytcratte^gatiag, usd 60% 
(mean, 33%; range. 12% to 99%) if endued RBCs were 
radaded. Tha median percent recovery of CD34* cells 
tea tba sort in g light-denary ceil preparation (CD34.~ 
cell recovery) was 33% (mean. 32%; range. 1 1% re 51%). 
Madias rec o v ery of CFTJ-CM in tha carting Ughc-dtitticy 
cells was 18% (mean, 29%; range, 2% to 76%). 

In three of 13 padeaa, the CD34*”-purifted call prepant- 
rioae contained less than 40% CD34* cells ate exclusion 
of «uc Maud BBC*, which dicquelliled om of One 
CD34* ceil preparations ts thdr BMT grafts («e Meth- 
ods). Two of dswo throe p*rl*n:t (no. 1 and 1 3) underwent 
BMT, but received their unpurged back-up marrow pcepa- 
rucioos inmud of the CB34*-sdcaed cdls. Tbe dUrd 
patient (no. 10) was not transplanted due to tumor pro- 
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pwiion. In ±a (0 patiagq 'arta were gansclacsed wuh 
CD34* sdcr^d ctits, the median CD34* ceil purity (nu- 
cleated RBCs excluded) was 91% (mean, 33%; range, 
48% :o 99%). mo median total cell recovery from as 
roaring lighi-ccaaiy cells was 22% (mean, XQ%; range, 
H9% to 7.4%), Ac mad an 034* cell recovery was 
18% (mem. 12%; tonga, U% to 51%), end the median 
recovery of GFU-GM was 23% (mean, 35%; nags, 5% 
td 76%), 73* CD34~ rtumiw jrmftt odminUtacnd aa rhnen 
10 patients can mined a median of 13 x 10* nucleated 
cells (mens, 3-3; range, 0 3 to 103), 1.4 x 10* 034* 
cells (mean, 1.4; mage, &6 to 4.7}, and 1 J x 10* C5U- 
GM (mean. 3.1; range, 0 l 3 ® 11.5} per kilogram patient 
weight (Table 2). 

Taxicirf 

None c t me 13 patterns had positive GymoPA-ST testa 
for preexisting antibody against chymopapain- .Ail 10 pa- 
tients transplanted with 034* ecu grafts tolerated infu- 
sion of 034’ cells without bradycardia, hypotension, 
hypertension, or signs of snapdybxia. These patients re- 
quired close monitoring of elecnmlyres and infusions of 
pOMtanm, phosphate, tnasneshen, and bicarbonate to 
co mp e n sate for renal weeing for several days after high- 
dnae ortapiaan. Two paticaa had caudal hypeannon, 
tad in two paneoa the serum creatinine level transiently 
increased to 3.0 rag/dL. bat returned :o less dun lJ mgf 
dL by haspiai discharge. No patient d eveloped clinical 
renal failure. One patient had transient he mor r h age cysti- 
tis, attributed a cyclophosphamide, from days 10 to 13 
after transplant. 

All IQ patients e xpe ri enced mucositis and routinely 
received IV riimematioa and IV opiate analgrtia rrc- 

quest minor prahlesat uinniiiri with die preparative 

chemotherapy regimen included transient elevations :n 
bilirubin end hepatic enzyme* and riamra* with high- 
frequency sensorineural beating loss. All patients had 
profound rayaioaupprujtoo. Aaoouiafawl Asvuo i w ot 
fronted cmpiriaJTy wish IV antibiotics. Only patients no. 
8 and 9 hod positive blood colaxres (Actnnodacrer fwaffl 
and KJebsieUa pneumoniae), la patient no. 2. cytomegalo- 
virus was cultured from urloa. and mis was temporally 
asso ci ated with prolonged time to hematopoietic eo- 
graftment. One patient had maxillary i intuitu diagnosed 
by computed tomography, and two patients had perirectal 
erythema, but these suspected infections did ooc result in 
positive blood cultures or dlnicai progression. No pa- 
tients had blood cultures positive for fungi 

Unexpectedly, on day I after transplant, patient no. 5 
developed teste paraplegia, with hypothesis at trie level 
of L4-L5. Extensive neurologic evaluation, including 
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is mbor pemsnue and zagrsic ace imaging UiXmL 
us explain das p er maac at sansverse myelitis. Cspiatin 
and actxjpuan both have neurotoxicity in high doses.** 1 
T r ans v e rse myelitis is a rcrvxtrij compU canon of Lntradis- 
cal tdimnifliation of chymopapain,* 3 " 13 bat in das proaocoi 
iavciviflg ex vro use of chy nopasaic with only cm , 
mridaai mrwmn ixtfwd IV to the patient, it m • 
aelik&ty that c hym o p a pai n caused this problem. Tuner 
mvolv«mMit of ttm cpt&oi cord wu aawcttd . but '■*» 

-VC proven, tnd autopsy was drrlirrfri by die family of 
tine patient, who died of tumor prograosron ia other slot. 

1b smnmary, most patients experi e nce d only ±e trsn- 
sins ttacidties previously observed with this preparative 
chemotherapy re gimen , including myelotblarion. rraxori- 
da, i mr rai tanii<»r mail slc ccio lyte wasting, beffior- 
rhagjc cystitis, aiga- frequency senscriceaial hearing Lou, 
acd asymptomatic hepatic cniynte devotion.* -4 * One pa- 
tient developed unexplained transverse myelitis. There 
wem no episodes of venoocdasiYe disease of the Liver or 
pneumonitis, and no patient developed fmi toxicides in 
the immediate peritrtasciani period. 

ficmaiopaimc Ss if ruj anvil 

AH raispianiod patients engrafted (Table 3X In the 10 
patents who received 034* marrow gars, the median 
time until posctanspUsf recovery of da WBC count ® 
a LCCO/uL wo* 32 days (meao. 34; range. 19 to 5U. ✓ 
The zctiifl times a tiaoina neontpail count » 201V/ 
and 500/uL also anged svidcly, with a median of 
(mean. 31: tangs. 16 co -*4) and 37 (mean. 40: range. 26 
to 55) day*, r espectivel y. The platelet count recovered a 
a SJuQOO/mL by J meffiaa of 35 days (metn, 41; tango. 

29 a 61) possrassphst. and tise last platelet tr aas f tttion 
wu U s m«eija of dsy 32 (omosi. 35; rang*, 21 to 57V 
Because of historical von arrow in the medic al reasons 
foe R3C aamfedona. it nt decided pros pectively aot 
to determine time to erythrotd recovery. -As can bs seen 
from Table 3, dwro «a ao co a c iatioo betw een thee to 
eagrafbnent and nuobeni of infttsed nudes ted cells, 
CD34* ccCs, or CTU-OM. The median duration of hmpt* 
tslizcrion was 33 days (mean. 32: range. 20 to 47) post- 
truupUoL Tebte 3 also Uso the clinical rtsaia tor tfce 
two patients transplanted with unprocessed back-up mar- 
row graft preparatiocs (ptiicat ao. I and 13) far compari- 
son, and the means and medians ore listed for entire 
group of 12 transplanted patients, as wdl si tor the 10 
patients actually transplanted with CD34* grafts. 

Patient no. 7 experienced on unusual hemato poietic 
problem. At 3 do 4 months posun&splant during the ad- 
omtistrattca of adjuvant radiation to a wide Held including - 
the initial extent of his mediastinal thymoma, his h err a xo - « 
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crit tevri gad piatelet count decreased. Ho cvtnnuUy be- 
came dependent on approximately weekly trtnsnmoas of 
RBCi 2 nd platelets, although hi* W5C coun t did mx 
decrease co dangerous levels. Boce marrow uprated and 
bi opera repeatedly thowed decrease d oythruid pceesr- 
tors and megatayocyres, Extensive evaluations did not 

find infeesunat (hid tiffing parvovirus) or recurrent cancer. 

Antibodies could not be detected against 330 or piece' 
lea. As a child, mete dun a decade before being <fiag- 
aemd with cfcymcm*. this p ati en t had had an episode of 
* idioptaio thromb o cy te p aa ie teat lej p owjed comp l fflrl y- 
an brief treatment with c ttt ricastg oidx. Eleven mon t h s 
possranspiant after several months of observation and 
unsuccessful t reatm e nt with IV irnmnnogi nbuHn and ecr* 
dcasretoidx. partem no. 7 received an unpro ce s s ed mar- 
row back-up graft. No response was detected in blood 
cell counts or marrow aspirate morphology by 2 mourns 
after the back-up marrow infusion, and ±e patient soil 
required packed RBC and pUieid support. Since mere 
than 1 year ago, this petic&t has carried eke d i ag n o s is 
of thymomi-aisociiied autoimmune thrombocytopenia/ 
anemia.* He is now being treated wfch cyclospori ne , with 
a increase in platelet and RBCs counts and elimination 
of transfusion requi remen ts. 

Turner Pra^rtxtUuk and PutUnt Survival 
Of JO patients who received CD34* jiancw grafts, 
four (on. 3. ft ft and 1 1) have died, ail with tumor pro- 
gression. and four an alive with rumor present (no. ft 2. 
9. and 123 (Table 5). Qmeady. the median survival time 
for this group of patients tnnspiomed with 0234* nar- 
row grafts la 20 months (mean. 20: range. fi to 37-*0 
posttranspianL Pour of these 10 patients experienced a 
30 raoiwh* frora artuiaplat to a uaxor wnn uwa The 4m 
patients with neuroblastoma with no detecuble tumor fur 
a* 20 month* pusttraaspbnt received 3MT as intensive 
consolidation therapy at the end of their initial treatment 
puriacU, and nauvni a minimum of five cycle* of atsnr 
dard-dose chemotherapy jo achieve a C3 (patients oo. 2, 
4» end 9). All dm patients had pan removal of accessi- 
ble tumor before BMT. but patient no. 9 had extensive 
bony metas cases, which could noc be remo ved, la these 
patients, ail detectable rites of persistent or initial neuro- 
blastoma, including treatable bony rites, were Irradiated. 
Patient no. 9 had a tong caraor-free interval (noiro- 
bluroma recurrence 20 months pcsaransplaat). despite 
the fact that she had extensive bony met states at dh gno- 
sis. Prior studies repan rare survivors, even wim BMT, 
for patients with bony aetasasea.” Two patients (no. 2 
and 4) do act yet have clinical evidence of recurrent 
cancer, at 33 and 37 months posnranspiaaL The p re- BMT 
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treatment, me BMT p repara tive regimen, oad the efficacy 
of marrow gran purging may til contribute :o the pro- 
longed survival sf these patients, but the results support 
further investigation of this ap p ro ach in oeurublasranaa. 

In remsp o o . it would have been i n tere sti ng co have 
performed direct assays for res dual tumor ceils to race 
the efficacy sf revert* purging during the CD34"' graft 
purifications. However, even today, direct assays for 
small number* of residual rumor cell* tre unavailable for 
most of these pediatric solid rumors. Sven where avail- 
able, die sensiti vity of assays for minimal residual acoro- 
blait oaia and Ewmg'Vpnmitive aeornemocennai tumors, 
these assays are already near their detection liana («essi- 
tivfcy, w IflT* to tor*) in patients with no evident aswr 
by routine fllnicil asa.'^^" MarpActu£c analysts of 
marrow fa***? ■*np T g l T ^ ;?, - :lf ^ y I % tumor conta in I- 

naticn CIO**). If ms aimer purging medico mca gives 
just 1 to 2 logs of anther tumor depletion of the greft 
prepareoon. die aimer detection mooted would be at or 
beyond its llmis and might miss fairly large amounts af 
residual tumor in the graft. Thus, a surrogate assay dux 
“ d epends oa more cosily measured evena would be useniL 

To model the effect of each paneut'a CD34* cell pun* 
fiescon on the tumor c em e n t of tear pan cm' 5 amograft. 
wc assumed teax tits patient's tumor ceiLs behaved a* 
ocher GD34~ edit doting the CD34* ^rrrinn Thus, etc 
redu ction in turnur-ccH number would be equivalent ts 
die reduction in CD34* cell number! This allowed estima- 
tion of the tumorceil depletion (reverse purging effect; 
from die sorting light-density cells so die CD34*-$el*cred 
graft in each patient by use of the Coflowing formal***'*: ■ 
estimated cumar-cell depletion Cogs) * loe (no. 0234* 
cells in tire starring mcaonudesx cell prcpareticn/no. of 
CS34* cell* in die final CO 34* graft preparation). The 
calculated vaduet obtained ore listed in Table 3: note time 
these calculated values are potential surrogate* for extent 
of tumor purging, but do not reflect direct measurement* 
of tumor cbHs pram is the cell preparations. The calcu- 
lated median annor-ccU depiction was 26 logs (mean, 
2-5; range. 1_2 s 3-3) for the 10 patients transplanted wjtft 
CD34* manow grafts, and 2-3 logs (mean. 23; range. 1-2 
tn 3te) Ihr all 13 patients. 

Immune Funoion After BMT 

Immune function has been assessed in the three neuro- 
blastoma patient* with * 20- month .amor* free intervals 
postcaasplacL At time points greaier than t year after 
BMT. all three pa dams have developed antibody titers 
tggissc dipthmi tad teanos toxoids, to which they had 
been immnmxed before their tumors were diagnosed. 
Two of the three have already been immunized with, and 
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derveiocod antibody oxers <fain.it recombinant Vpafiri* 
3 vicssne, in the *b<enoe or preexisting inn body or infec- 
tion. In adStion, these patients have had no unusual infec- 
tious problems. 


DISCUSSION 

The main objective of this dimcal study 'm to test 
whether wtcJcgoca CD34* marrow ceils, poetoveiy se- 
lected with My 10 CCD 34) monoclonal antibody and im- 
rncnomagEedc aucrospheres and retorted by chytnopa* 
pant restored ly mpn o hc t r-a r n p otet rs in children and 
young adults with advanced solid careers. The CD34* 
injection procedure, listed in Tabia L was baaed on a 
mooch laboratory procedur e.* which was scaled up as 
a prototype for ritnwal uie^ Afur myaJoablariva cfa^ 
me therapy, 10 perienr* were transplanted with 034* 
autologous marrow ^afu. The CD34*-purified grails of 
choc 10 patients wens enriched in stem/prcgtaitor cells, 
with Hve of thoe 10 preparations curtaining » 94% 
034* ceils. Hematcpoieric reccttsdadon was obser/ed 
is all of thaxa hanena, Engnftmens with 034 * -purified 
cell grafts os pore a 99% confirms disc autologous 
034 ’ cells, aiczLc, are sufficient to provide heauucpoi- 
esc res cu e for myelooblated patients. 

On me other band, fres utf op ojede eegraftmeat fallow- 
isg cheat transplants of 034’ cell grafts required about 
S weeks, approximately 1 w«fc longer than in me prior 
clinical dial in which heavily seated patients with ad- 
vanced pediatric solid tamers received whole (unpro- 
cessed) bone marrow.** No hematopoietic growth factors 
were adnuoiarered after BMT in either of these trials. 
TW it cannot ha excluded that du 034* cell puriltca- 
doa proc edur e resulted in some loss of or injury tn stem/ 
progenitor cells drat contributed to en gn ftmctu delay. 
However. ±t range of ;h* rimes to hemaicpoktic rccov* 
ary in both studies were lugs, and the number of patients 
small la addition. prior larger BMT studies in ncurn- 
blast mna hare opened similar rimes ro engraftment and 
esa da ded that p ret mspiant chemotherapy was probably 
reaponsibk. 144 finally^ in lha two patients of tha study 
reported here who woe transplanted with unprocessed 
back-up marrow preparation* uwcad of efta 034* prepa- 
rations (because the purity of their 034* preparations 
was < ^0%; sc* Methods and Results), the times to hema- 
topoietic recovery were prolonged: lime* to a neutrophil 
couch at ICQ/pL and platelet couai of 30.0C(VpL were 49 
and 63 days, respectively, in patient no. 1, and 42 and 
103 days, respectively, In patient no. 13 (Tattle 31. Thus, 
is it possible that r&s wax a group of padants who (on 
average) would have been slow us engraft even without 
CD34* -ell purification, possibly due to intensive chemo- 



therapy trenrniont b e fore bane marrow harvest and cmns- 
pionx. Whether this 034* cell ptarntarion procedure 
afftets time :o hemaronoteric recovery cauld be tested in 
a concurrent rtntinraari dinieci oral using patient* who 
received unprocessed narrow as a control group. Prelimi- 
nary results of our cant at trial (in rimilar parients with 
pediatric solid nssocsJ of tnnsplaiuation of CD34* ceflar 
mobilized horn blood, with or without marrow CD34* 


cell*, indicag chat wees granulocyte colony- stannlan nq 
fi eanr (G-CSF) is administered po«-BMT. CD34* cell 
grafts purified by this wtnud eagrmil prom pt! y.^ 

Hagraftmezn of acaiogous marrow 2 nubs may demon- 
strate the presence of adequate number* hxnctioa 
manly of pro g enitor cells- After a atd ogoq* trenspla «. 
loag-cerm aanaatopowwis may be dua, net to Mrnm colls 

from the graft, but to endogenous item cells chat survived 
the roydcoblafive pxeptradve regimen in the host. Thus, 
autologous tnasphna with genedsaily marked purified 
034* colls 11 or, easier, allogeneic transplants of purified 
CD34* ceil grafts will cccd to be assessed a prove 
whether loog-usm lymphcaematopoiesis derives from the 
grafted CD34* ceils. 

la Qsee of 13 patients enrolled onto this study, purities 1 
of the CD34* graft p repara tions a* low a* 12% disquaii- I 
fled the use of £e CD34* marrow grafts. The best porifi- * 
cation resaia were oberined oa until marrow harvest* 
from patients with neuroblastoma. The capacity of the 
CD 34* cell idacaog device has hero increased with the 
laofcx system aow used tor wider dinicai trial*. In addi- 
don. the Isokx sysaem has been further engineered a be 
fiuoer r eq ui re 1 *** technician input. 4 " ■ 


There ware rwo unusual severe toxic events in this 
trial— transverse myelitis and chronic anctniiAhrocibcw 
ejttpcfltaL Other observed suicides appeared to be di- 
reedy attributable to the chemotherapy preparative regi- 
men. Ongoing, l ar g e r dimed trials will provide further 
Info rm at io n on whether these tcxicifie* are rare problem* 
us ihoaa rwo mdividuai patients or ere due to ±m CD34* 
cell sclecrion. 


There te diract •Mdem that neurablasroma ceils pree- 
cm in parienu’ bone marrow grans can contribute to re- 
lapse. 11 To model ibe effect of each patient* * CD34* ceil 
purification on the turner content cf that puocnt’* CD34*- 
Mlecred aurognft, it was assumed that rhe patient*! tumor 
calls behaved as typical 034* cells during the CD34* 
seiecnoa and copurirted with tnc ncrmal CD34" cells. 
Using ibis model we calculated on estimate of the tumor- 
cell depterion (reverse purging effect) predicted by the 
CD34* pnrificarion results in each padenL A* high as 3 J- 
log nixnor*cril depletions were predicted by this model In 
purifications with high CD34* cell purine* in the grafts- 
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However. tb* calculated tunioc-csil depletion was set mi s 
high ia other cues (Tssfo 3L and direct m<aairan«ca 
of aunor-ceU cannot should also be performed in future 

If CD34’ eeU punferioo technology can be improved 
to obtain C334* ceils m greater than 90% purity and 
greater dm 34og amor-cell depletion coutmdy, due re- 
verse purging effect would be comparable to the effect 
of n egati ve sdeemo purging techcoio gies. such as drag 
or sndbody pi as complement, as reported in clinical stap- 
les. a * u Oeariy. e x pe rimen tal measurements of rumor 
cells in the grid p r e p ara tions would be p r efe rred to mod- 
eling. TUs is being done in ongoing dimrel trials, but 
with the Ursittdoo ***** of the available methods for 
detect inn of -ninfm al rwrdaal disease am near their limits 
of sensitivity ia qaanti taring tumor content of marrow or 
blood cpeciaaeaa Tram patience sc the Cone of «t*m-ctU 
ha r vest. ,J - WJ “ Thos. precise quantitation of the reverse 
purging effect of CD3A*’ purification will be difficult in 
patients with tow numbers of rumor ceils ia the marrow 
(or blood) at the tune of harvest If mere mmor-cett deple- 
tion is needed than can be reproducibly doomed by a 
single COM* pu rifi cation of cftc gran, methods are now 
available 0 ^ due would permit repeated (sequential) 
CD>4’ purification of Jim mn ta multiply taa reverse 
purging effect Other possibilities lot further depleting 
tumor cells include containing positive with negative sep- 


aration* rad catering of the CDJA” selected qrils under 
cocditicns that favor proliferation a; senv'progernror 
cdfcv. bur death of turner cells. '* 

The cngrifunew of highly purified CD3* k ceils ob- 
tained by bus technology and the ana tumor effect of the 
oaaipianf. by which two of 10 poor-prognosis pedants 
remain clinically free of tumor, hove a i m u l ax ed our cur- 
rent study in advanced pediatric solid tam er s . To speed 
i greriraen t ad decrease tumor awiminuim of the 
gr afts , mis trial involves use of a improved procedure 
and device bar the immona m a g r .eria C &l d>~ coil «ei«crioA^ 
raofeiihgd blood a the starring material for me grafts. 

G^SF after transplant.** 
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